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We estimated the total settlement below the facing panel for the EPS retaining wall. The settlement analysis 
was performed using the geotechnical software application FoSSA 2.0. A maximum total settlement of 0.6-
inches, approximately 0.25-inches immediate settlement and 0.35-inches consolidation settlement, is 
anticipated below the facing panel. The immediate settlement below the leveling pad was also estimated using 
the semi-empirical strain influence factor proposed by Schmertmann and Hartman (1978). The anticipated 
immediate settlement using this method is approximately 0.2-inches.

East Approach Ramp

In the FFR, we recommend the east side ramp be construction of MSE wall supported on DMM columns. The 
soil improvement using DMM will extend from Abutment B at approximately STA 440+70 to STA 443+50. 
The load from the approach embankment will be transferred to the DMM columns through a geosynthetic 
reinforced Graded Aggregate Load Transfer Platform (LTP). The LTP will be constructed immediately above 
the columns to help transfer the load and prevent a “bearing capacity” type of failure above the columns. The 
LTP also reduces differential settlement for lower height embankments. 

The design of the LTP was performed using the Beam (Collin) Method (Ref: Geosynthetic-Reinforced 
Column-Support Embankment Design Guidelines by Collins, Han, and Huang). The thickness of the LTP 
should be at least one half the clear span between the DMM columns. The vertical load from the soil within 
the arch and any surcharge load, if the thickness of the embankment is not great enough to develop the full 
arch, is carried by the reinforcement. The tensile load in the reinforcement was estimated based on tension 
membrane theory and is a function of the amount of strain in the reinforcement. A minimum of three layers of 
geosynthetic reinforcement should be installed in the load transfer platform and the initial strain in the geogrid 
reinforcement should be limited to 5%. The preliminary design of the reinforcement for a clear span between 
DMM columns of 5-ft and 8-ft are summarized in Table 1.

Table 1 – Summary of Load Transfer Platform Reinforcement
Clear Spacing 
between DMM 

columns                   
(ft)

LTP 
Thickness        

(ft)

Maximum Design 
Tensile Load at 

5% Strain                  
(lb/ft)

Geogrid 
Reinforcement

Ultimate 
Tensile 

Strength      
(lb/ft)

Long Term  
Allowable 

Design Strength          
(lb/ft)

5-ft 3-ft 154 Biaxial BX1100 850 237

8-ft 4-ft 386 Biaxial BX1500 1850 516

Roadway Embankment (East of STA 444+00)

The roadway embankment east of STA 444+00 will be constructed using Type F – Common Borrow. The 
maximum height of embankment fill will be approximately 7-ft above the existing ground surface at 
approximately STA 448+50. The side slopes of the roadway embankment will be approximately 3(H):1(V). 
To minimize the effect of the long term settlement we recommend the roadway embankment be constructed 
with a 2-ft additional surcharge above the proposed grade and quarantined for a minimum time period of 5-
months. 
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We evaluated the potential for lateral squeeze due to the construction of the roadway embankment based on 
the method proposed by Silvestri, 1983.

𝐹𝑆 𝑆𝑞𝑢𝑒𝑒𝑧𝑖𝑛𝑔 =
2𝑐𝑢

𝛾𝐷𝑠tan 𝜃
+

4.14 𝑐𝑢

𝐻𝛾
≥ 1.3

where,
θ = Angle of Slope
γ = Unit Weight of soil in slope
Ds = Depth of soil beneath slope base of embankment
H = Height of slope
cu = Undrained shear strength of soft soil beneath slope

The lateral squeeze analysis was performed for the 7-ft fill embankment and for the temporary condition with 
a 2-ft additional surcharge above the proposed grade. Table 2 summarizes the Factor of Safety for lateral 
squeezing for the proposed embankment and the additional 2-ft surcharge. 

Table 2 – Summary of Factor of Safety for Lateral Squeezing

Location Embankment Maximum Height Factor of Safety

Proposed Grade 7.0-ft 1.55
STA 448+50

2-ft Additional Surcharge 9.0-ft 1.34

The FS with the 2-ft surcharge is getting close to the minimum recommended. Inclinometers will be installed; 
if bulging is noted in the inclinometers, a portion of the fill can be removed until the pore pressures dissipate.

Seismic Monitoring

Seismic monitoring is required for all construction operations within a distance of 50-feet of the existing utilities 
that have the potential to produce vibrations at damaging levels, such as pile driving or significant truck traffic. 
The vibrations should be monitored for structures and utilities within 50-ft of any drilled shaft installation or 
sheet pile installation. Drilled shaft drilling will cause only about 0.089-in/sec at a distance of 25-ft, so this will 
not likely cause any significant disturbances. However, installing the casing may cause between 0.17 to 0.734-
in/sec at 25-ft depending on the method of installing the casing, so we recommend vibration monitoring for 
casing and pile driving installation. 

A firm specializing in this vibration monitoring should be retained by the Contractor to monitor the construction 
induced vibrations.  A detailed vibration monitoring plan should be submitted for the Engineer’s approval.  
The plan would include the monitoring locations, the type of equipment to be used, qualifications of the 
monitoring personnel, and requirements for the timely presentation of monitoring data to the Engineer.

Vibrations can also effect green concrete. The Contractor should monitor construction activities adjacent to 
freshly placed concrete utilizing one of the two seismic monitoring options listed below. Construction activities 
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to be limited during this period include, but not limited to, drilled shaft installation and use of any type of heavy 
construction equipment.

Option 1:

Where vibration monitoring around freshly poured concrete is performed the following Peak Particle Velocity 
(PPV) limits and distances shall be maintained:

Peak Particle Velocities for Concrete at Different Ages.

Age of concrete at which vibration occurs Permitted peak particle velocity, (in/sec)
0-10 hrs 0.2
10-24 hrs 0.4

More than 24-hrs 2.0

Clear Distance between construction operations and freshly poured concrete at different ages.

Age of concrete Clear Distance (ft)
0-2 days 50

2-14 days 20

The vibration shall be monitored continuously with a real time data acquisition system with an alarm system 
to notify the Contractor if vibration exceeds the limiting values.

Option 2:

Where vibration is not monitored the following limits shall be maintained: 

Clear distance between construction operations and freshly poured concrete at different ages

Age of concrete Clear Distance (ft)
0-2 days 100
2-14 days 20

Peak particle velocity (PPV) at existing adjacent structures or utilities shall not exceed that shown in the Office 
of Surface Mining (OSM) Method 3 Figure shown in Figure 1. The criteria for drywall should be used for all 
structures and utilities except those that actually are constructed of plaster or otherwise noted. These limits may 
be adjusted by the Engineer based on any evidence of damage to structures.
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Figure 1 – OSM Method 3

Attachments

Calculations
 Settlement Analysis of Grade Beam Supporting EPS Facing Panels
 Design of Load Transfer Platform for Deep Mixing Method
 Roadway Embankment STA 447+00 to STA 450+00 Lateral Squeeze Analysis
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